ABSTRACT: Ordination by Reciprocal Averaging (RA) and Detrended Correspondence Analysis (DECORANA) have been apphed to problems of distribution of marine algal floras. The limitations and effectiveness of such methods are discussed and the need to analyse floras as assemblies of species per se rather than being chosen as characterising marine climates is stressed. The openended nature of RA and DECORANA is emphasised as particularly useful in phytogeography with examples from Ascension and Bioko Islands.
INTRODUCTION
Techniques of numerical classification and ordination have been used in biology mainly for the analysis of ecological problems of relatively small scale but there is no reason why they should not be applied to problems of much wider extent. I beheve van den Hoek (1975) was the first to make use of such numerical methods for phytogeographical analysis of marine floras on the wider scale when he employed an agglomerative classificatory method -a type of cluster analysis -in a study of floras of the northern Atlantic.
Shortly afterwards, I attempted to analyse floras of the tropical Atlantic by a variety of numerical methods (Lawson, 1978) . It seemed to me, for a number of reasons, that the use of most types of classification had certain unsatisfactory features but the most successful of these was a divisive polythetic method known as "Indicator Species Analysis", itself based on an ordination method (Hill et al., 1975) . I came to the conclusion, however, that ordination by "Reciprocal Averaging" (RA) was probably the most satisfactory method to give useful results for this type of problem (Hill, 1973) . In a subsequent paper read at the International Botanical Congress, Sydney (1981) and as yet unpubhshed, data from the southern oceans were examined by "Detrended Correspondence Analysis" (DECORANA) (Hill, 1979) , a somewhat improved version of RA. I beheve that van den Hoek and Joosten must also have reached this conclusion as they made use of DECORANA in a paper in which they attempted to analyse the relationships between red algal floras on a worldwide basis (Joosten & van den Hoek, 1986) . In the present paper a critical look at some of the methodology and the results so far achieved in using this type of ordination will be attempted. 
RESULTS AND DISCUSSION
My first paper on this topic (Lawson, 1978) had already drawn attention to some of the hmitations and possible sources of 'error; for example, the difficulties in correct identification of species over considerable geographical areas, and the varying size of sample areas for floras when whole countries or islands of different sizes are used. With regard to the first, even when a lot of trouble is taken with accuracy there are bound to be errors in naming but as the whole flora is being considered a few errors are probably not of too much importance. Joosten and van den Hoek have avoided this problem in their study of red algae by taking only generic names which are, of course, much less likely to be incorrect than specific ones, but with increase in accuracy there is, however, inevitably some loss of information. With regard to the size of sample area it would be ideal if one were able to take the flora of, say, 250 or 500 miles of coast as a standard unit of sample size but such information is, unfortunately, hardly ever available.
One aspect which has not been touched on before is the question of the geographical area to which a particular species has most affinities. RA gives a simultaneous and directly comparable ordination of both sites and species. In my analysis of the tropical Atlantic each island of the Caribbean was given separate status as a sample site. Now as can be seen from the ordination {Fig. 1), all of these floras, as might be expected, are very closely related to one another. The species ordination indicates that many species have 10( (Fig. 2) . If all the Caribbean islands, however, had been taken together as representing one geographical site, would the picture have been the same? This possibihty has not yet been investigated but it is hoped to deal with this in a future paper. It may be that some, at least, of the points representing species associations would move to the other side of the graph indicating that their main affinities might be on the eastern side of the Atlantic. Nevertheless because of the much greater diversity of flora on the western side of the Atlantic than on the eastern side it is unlikely that any such changes would alter the general picture appreciably.
Another point that may be considered here concerns Joosten and van den Hoek's treatment of red algal floras of the world. Their ordination (Fig. 3} shows that the main axis, axis one, is dearly related to temperature, tropical at left through warm and cold temperate to arctic and antarctic on the right. However, is it surprising to find that this is so when the sites were initially chosen on the basis of temperature? As they say "The regions were defined by. their temperature regimes. It should be stressed that the boundaries between these regions do not necessarily coincide with floristic discontinuities." Axis two which separates northern hemisphere (open symbols) and southern hemisphere {closed symbols) floras is more informative.
My firm behef is that if the aim is to try to find the relationships of floras to one another the concern should be strictly with the floras themselves and their species composition, and that this should not be confused by giving attention to possible factors causing distribution. Such factors can be super-imposed later if necessary and their importance will be revealed in due course. For example, my analysis of tropical Atlantic floras referred to earher was initially concerned only with species composition and the map produced dealt solely with the relationships of floras to one another ( Fig. 4} . It should be noticed that for the African side of the Atlantic the ordination apparently separated a northem tropical group lying to the north of the equator from a southem tropical group, including three Gulf of Guinea islands, lying to the south of it. However, taking, for example, the map of mean sea temperatures from Ekman (1953) , there is clearly a Lawson, 1978) considerable correspondence between distribution and temperature (Fig. 5) . Furthermore, this map (Fig. 5 ) now indicates a possible reason for the separation on the ordination of a northern and southern section to the tropical flora of the eastern Atlantic since the sea temperature regimes are now seen to be different with a mean of over 25 ~ for the northern section and a mean of 20~176 for the southern. This is not to say, of course, that it might not be possible to get an even better relationship by considering other possibilities, say extremes of temperature, than means. One point worthy of comment is that three of the Gulf of Guinea islands (Nos 18, 19, and 20) fall into the southern tropical African group rather than the northern. This may be due to a somewhat lower sea temperature offshore than near the African mainland.
Again, referring to Joosten and van den Hoek's ordination, their map (Fig. 6 ) lumps the two areas just mentioned above as one tropical region (T3), but more importantly the whole of the South African Cape region is taken as one warm temperate unit. Now as is well known, for example from the work of Stephenson and his co-workers, three faunas, To lump these together on the basis of sea temperature and regard them all as one warm temperate unit seems to me therefore to be taking a step backwards. The western side of southern Africa is a somewhat controversial area having been regarded by some authorities such as Stephenson & Stephenson (1972} and Hedgepeth (1957} as cold temperate and by others e.g. Briggs {1974}, Lfining (1985) , and Bolton {1986} as warm temperate. Hedgepeth's use of the term "Boreal-Antiboreal" was Lawson (1978) and has therefore been adhered to in the present article (see Fig. 5 ) though as indicated below there is some reason to regard the area as warm temperate on the basis of a comparison of the ordination of warm Atlantic floras with that of the southern oceans. While ordination shows the relationships between floras and indicates the groups they may fall into, it tells us nothing about the status of such groups, for instance whether they are tropical or temperate, or whether they are to be regarded as provinces or subprovinces or whatever in the conventional terminology of phytogeography. An examination of the results obtained may, however, give some clues.
The tropical Atlantic ordination already mentioned (Lawson, 1978) showed that the Namibian marine flora is certainly very different from the tropical African floras but does not tell us whether the difference is from tropical to warm temperate, or from warm temperate to cold temperate, or a jump directly from tropical to cold temperate as Hedgepeth's map would indicate (Hedgepeth, 1957, Plate 1) .
In the analysis of southern and antarctic floras mentioned earlier, I found (Fig. 8) (Fig. 1) but also close to Namibia and the western coast of South Africa as shown in the analysis of the floras of the southern oceans indicated in Figure 7 . But perhaps the concern should not be too much with forcing floras into man-defined chmatic categories. Floras as they exist represent an expression of the totality of all factors operating-not just physical factors but also others such as historical ones, and in this respect the problem is somewhat analogous to that of the zones of algae on rocky shores for which attempts to give a complete explanation in terms of a single factor, such as tides, have usually proved insufficient. Some of the limitations of using ordination methods have been indicated but there are also some decided advantages. One of the most important of these as far as RA or DECORANA are concerned is that they are open-ended. Since every species has a position on each axis of the species ordination' and as the site ordination is the average of these figures for all the species that occur at that site it is a simple matter to obtain an ordination of a particular site if a sufficient sample of the species present at it is available. So as new distribution data become available they can be fitted in to show the positions of new sites in the ordination. Thus, in the ordination of tropical Atlantic floras (Lawson, 1978) a very hmited number of records from Ascension Island were known but these appeared to show that its flora had more affinity with those of the western Atlantic than those of the east (see Fig. 1 where Ascension Island is represented by number 27), However, after a subsequent survey of Ascension Island by Price & John (1977) , the much greater number of species found indicated, after recalculation, that Ascension Island's flora had probably more affinity with that of the Gulf of Guinea than that of the Caribbean. This is shown by the new position of Ascension Island (No. 27) in Figure 8 .
Similarly, when the original ordination was made there were virtually no records for Bioko (Femando Po} except for a single species, Hydroclathrus dathratus, mentioned by Schmidt & Gerloff (1957) . After a visit to Bioko and from the thirty or so species collected it was possible to show (Lawson, unpubl.) that the site ordination put Bioko very firmly in the mainland Guinea group rather than with the other islands of the Gulf of Guinea (Silo Tom~, Principe and Annobon). Bioko is represented by number 17 in Figure 8 . Thus, my original guess of separating Bioko from the other Gulf of Guinea islands on the map shown in Figure 4 was confirmed. It is also interesting to note that these other Gulf of Guinea islands have never been connected to the mainland whereas Bioko is believed to have been attached to the African continent until, relatively recently, geologically speaking.
Another advantage of ordination is that every species is taken into account, so an infrequent microscopic filament may be considered as characteristic of a flora as a common laminarian. Thus those things that might weigh heavily with the human mind such as size are looked at more objectively by the computer. A lot depends on the operator for there are many choices open to him such as weighting of species, or deciding which sites and which axes of the ordination to make use of. Thus, a certain amount of manipulation of the results is always possible.
In conclusion all that needs to be said is that there are now some very powerful tools available for the analysis of biogeographical problems -but they must be used intelhgently and with care.
